Methanol (MeOH), dichloromethane (DCM) and 80% MeOH extractions of fourteen medicinal plants of the families Solanaceae and Lamiaceae collected from different area of Iran were tested for their cytotoxic potential against MOLT-4 human cancer cell lines. Cytotoxicity of the tested plants indicated that 11 plants had one or two active extracts (IC 50 ≤50): MeOH extracts of the shoots of Thymus trautvetteri, Solanum luteum and stems of Lycium shawii; DCM extracts of the shoots of Thymus kotschyanus, Salvia persepolitana, Ballota aucheri, Nepeta glomerulosa, Hyoscyamus tenuicaulis, Salvia lachnocalyx, Salvia sharifii as well as the stems of Salvia verticillata and the roots of Salvia multicaulis and S. lachnocalyx; 80% MeOH extracts of the shoots of T. trautvetteri, S. luteum and the stems of L. shawii. The DCM extract of the aerial parts of S. lachnocalyx as one of the most active species was subjected to the cytotoxic bioassay-guided fractionation and purification using combination of chromatography methods. The bioassay-guided fractionation of DCM extract of the shoots of S. lachnocalyx led to the isolation of two cytotoxic compounds: (2Z,6Z,10Z,14E)-geranylfarnesol (1), a novel natural product, and spathulenol (2). Both of the isolated compounds, especially 1 (IC 50 range: 9.6 -20.2 µg/mL), showed good cytotoxic effects against 3 human cancer cell lines, MOLT-4, MCF-7 and HT-29.
Species belonging to Solanaceae and Lamiaceae families are very important as food and drug sources. Several investigations have demonstrated the ethno pharmacological usage of some of the members from both Solanaceae and Lamiaceae families to treat cancer [1, 2] . Several papers have reported cytotoxic activity of the plant species of the both families [3] [4] [5] [6] . Bioassay guided isolation of different plants of the family Lamiaceae resulted in characterization of many cytotoxic phytochemicals such as terpenoides, flavonoids and steroids [4, 7, 8] . On the other hand, many investigations exhibited the presence of various natural compounds with cytotoxic potential in different species of Solanaceae including steroidal alkaloids, flavonoids and their glycosides, withanolides and terpenoids [9] [10] [11] [12] [13] [14] .
The aim of this study was to continue screening for Iranian endemic and medicinal plant extracts that could be useful for the discovery of anticancer drugs [3, 4, 15, 16] . Therefore, four plants of the family Solanaceae; Hyoscyamus reticulatus, Hyoscyamus tenuicaulis, Lycium shawii and Solanum luteum and ten plants from the Lamiaceae including; Ballota aucheri, Marrubium vulgare, Nepeta glomerulosa, Salvia lachnocalyx, Salvia persepolitana, Salvia sharifii, Salvia verticillata, Scutellaria multicaulis, Thymus kotschyanus and Thymus trautvetteri have been selected (Table S1) and their solvent extracts were subjected to MTT cytotoxic bioassays. In this study, different parts of plants were extracted by various solvent systems with different range of polarity, DCM, MeOH and 80% MeOH. Cytotoxicity of the tested plants in this study from both families indicated that 11 plants had one or two active extracts ( Table 1 ). The MeOH extract of the shoots of T. trautvetteri and DCM extract of the shoots of B. aucheri, T. kotschyanus, N. glomerulosa, S. lachnocalyx and roots of S. lachnocalyx exhibited the most promising effects (IC 50; 19.0, 17.1, 20.5, 14.6, 26.3 and 8.7µg/mL respectively), which are acceptable IC 50 values (IC 50 ≤30 μg/mL) by the American National Cancer Institute (NCI) to be considered as strong cytotoxic crude extracts [17] .
A literature survey showed that among plant extracts with acceptable anticancer effect in the current study, the phytochemical constituents of B. aucheri have been analyzed and several furanolabdane diterpenoids with α,β-unsaturated carbonyl groups have been reported from this plant [18] . Since previous investigations have shown that the presence of α,β-unsaturated carbonyl moieties has been responsible for the cytotoxic effect, the observed cytotoxicity of B. aucheri extract in our study can also be explained, but the compounds need to be explored individually [18] . The 80% MeOH extract from L. shawii (stems), showed cytotoxic activity against MOLT-4 cell lines (IC 50 : 33.5 µg/mL) in our study, which is in contrast with the results reported by Esmaeili et al. [19] , who observed no cytotoxic activity against a panel of five cancer cell lines (IC 50 ≥ 50 µg/mL) for the above mentioned species (flowering branches) collected from the same location as we did. This difference could be also due to the plant's organs used in extraction, which may affect the amounts of bioactive compounds.
The higher cytotoxic activities of MeOH and 80% MeOH extracts from two members of Solanaceae family revealed that the active compounds could be belong to the polar and highly polar substances such as steroidal alkaloids, flavonoids and their glycosides [9, 16, 20] . Different terpenoids, isolated from the shoots and roots of Sage plants (Lamiaceae) have demonstrated significant cytotoxicity against various cancer cell lines and it may be correlated with cytotoxic property of their DCM extracts [21] . Based on our primary screening results and appropriate amounts of S. lachnocalyx available in our laboratory, the aerial parts of this plant were used for further investigations in order to identify bioactive compounds. Consequently, the bioassay-guided purification of the DCM extract from the shoots of S. lachnocalyx led to the isolation of (2Z,6Z,10Z,14E)-geranylfarnesol (1) and spathulenol (2) as the active compounds. The chemical structures of the compounds were characterized by 1 H-and 13 CNMR, and 2D-NMR ( 1 H-1 HCOSY, HSQC, HMBC, and NOESY) as well as EImass spectroscopy. The spectroscopic data of compounds were similar with those reported in the literature [22, 23] . Compound 1 showed ions at m/z 358, 271, 121, 93, 69 and 55 which are compatible to the fragments observed for the linear sesterterpenoids in EI mass spectrum [22] . The ion at m/z 358 together with 25 signals in 13 C APT NMR including ten olefinic, six methyl and nine methylene signals suggested a linear sesterterpene structure for compound 1. The 1 H-and 13 C NMR data of compound 1 are presented in Figure 1A , Table 2 ). In the HMBC, the cross peaks between Me-20 at δ 1 H 1. between Me-24 and C-25 and vice versa; H-16 and C-23; Me-23 and C-15. The correlation between H-16 and its respective carbon (δ 39.4) was deduced according to the HSQC spectrum. The 1 H-1 H COSY cross peaks confirmed the correlations between protons of the first isoprene moiety at H-1, H-2, H-4 and Me-20.The long range 4 J and 5 J couplings in HMBC and 1 H-1 H-COSY spectra; between H-1, C-20 and H-20 can be attributed to the homoallylic relationship between the involved nucleuses [24] . The stereochemistry of tri-substituted double bounds were examined by 1 H NMR for different acyclic terpenoids with the units of A-CH 2 CCH 3 )=CHCH 2-B, where A and B are isoprene unites or A as isoprene(s) and B as a hydroxyl group. For those compounds that both A and B are isoprene, the olefinic methyl group resonate at δ1.66 and 1.59 when it is in cis-and trans-orientation to the vicinal hydrogen of the double bond; and when B is a hydroxyl, the methyl signal appears at δ 1.73 and 1.65 for the above geometrical isomers, respectively [25] . The above prediction was successfully applied for different isomers of farnesols and other acyclic unsaturated regular terpenoids [22, 26, 27] .Therefore, the configuration of the double bonds were deduced mainly based on the chemical shifts differences between the cis-methyls at downer fields at δ 1.69 (Me-21, Me-22 and Me-25) compared to the trans-methyls at 1.61 (Me-23 and Me-24).The 13 Bioassay-guided fractionation of Salvia lachnocalyx Natural Product Communications Vol. 12 (10) 2017 1565 10 [28] . Additionally, the NOESY cross peaks between the Me-20 (δ 1.74) and H-4 or H-5 (δ 2.05); Me-21 and Me-22 (δ1.69) and their vicinal or allylic methylens at δ 2.05 were compatible with the proposed stereochemistry at C-2, C-6 and C-10 double bonds of Zconfiguration. The stereochemistry of compound 1 is therefore different to that reported previously for all trans-geranylfarnesol isolated for the first time from insect wax [27] . Therefore, 1 can be considered as a novel natural product.
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Compound 1 exhibited a stronger activity against MOLT-4, MCF-7 and HT-29 cells with IC 50 values of 20.2, 18.9 and 9.6 μg/mL, than those for compound 2, 35.5, 48.4 and >50 μg/mL, respectively. All trans-geranylfarnesol was evaluated for cytotoxic effect against five human cancer cell lines (HSC-2, HSC-3, HSC-4, HepG2, HL-60) and the highest anticancer effect has been observed against HL-60 with an IC 50 value of 19 μM [22] . Compound 2 previously isolated from aerial parts of Sphacelecha maedryoides and exhibited anticancer activity against gastric adenocarcinoma (AGS) cells with an IC 50 value of 23.2 μM [29] . It has also shown cytotoxic potential (IC 50 = 13.6 μM) against leukemia cells (L-1210) [30] . 3-(4,5-Dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) was from Sigma-Aldrich (St.Louis, MO), and cisplatin and penicillin/streptomycin were purchased from EBEWE Pharma (Unterach, Austria).
Plant material and preparation of the extracts:
The plants were collected from Fars, Ardebil and Hormozgan Provinces during June and July 2014 (except for S. verticillata that was collected in June 2015) (Table S1 ). The plants were identified by the plant taxonomists, Mr. Mehdi Zare and Dr. Mojtaba Asadollahi, at Medicinal and Natural Product Chemistry Research Center (MNCRC), Shiraz University of Medical Sciences, Fars, Iran, where the vouchers have been deposited for each species (Table  S1 ). Air dried plant materials (10 g) were powdered. The ground plant materials were sequentially extracted by maceration method, three times with 50 mL of different solvent systems with different range of polarity (DCM, MeOH, and 80% MeOH, respectively) for 24 h at room temperature. The macerates were filtered and the supernatants evaporated under vacuum to obtain extracts.
Cell line and culture:
Human cancer cell lines including lymphoblastic leukemia (MOLT-4) was purchased from Pasteur Institute, Tehran, while human breast adenocarcinoma (MCF-7) and human colon adenocarcinoma cells (HT-29) were purchased from Iranian Biological Resource Center, Tehran, Iran. MOLT-4 cell line was used for the initial screening process, because it is one of the cell lines in NCI-60 cancer cell line panel that has sufficient sensitivity against most cytotoxic agents [31, 32] . The cells were plated in sterile T25 flasks in RPMI 1640 medium supplemented with fetal bovine serum (10% v/v), penicillin (100 units/mL) and streptomycin (100 mg/mL). MOLT-4 cells were grown in suspension, while MCF-7 and HT-29 cells were grown in monolayer cultures in humidified air containing 5% CO 2 at 37°C.
Cytotoxicity assay: Cytotoxicity assessment of plant extracts against human cancer cell lines was performed by the MTT reduction assay [33] . In this colorimetric assay, the action of mitochondrial dehydrogenase enzymes in viable cells causes the conversion of the yellow tetrazolium bromide (MTT) to the purple formazan with maximum absorbance at 570 nm. Twenty mg of plant extracts or purified compounds were dissolved in 1 mL of DMSO to prepare the initial stock solution. Cells were cultured in 96-well plates at a density of 5×10 4 cells/mL in 100 μL medium and incubated overnight at 37°C. Then, 50 μL of medium was replaced with 50 μL medium containing various concentrations of the extracts or pure compounds dissolved in culture medium. After 72 h of incubation, the medium of each well was removed and then, 80 μL of RPMI medium without phenol red containing 0.5 mg/mL MTT was added to each well and incubated at 37°C for 4 h. Finally, DMSO was added to solubilize the formed formazan crystals. The absorbance of purple formazan to monitor viable cells was measured by a microplate reader at 570 nm. The IC 50 value (the half maximal inhibitory concentration) for each extract was calculated by CurveExpert software.
Bioassay-guided fractionation of DCM extract of S. lachnocalyx:
According to the initial results of cytotoxic screening of the plants, S. lachnocalyx was selected as a source for isolation of cytotoxic compounds. Air dried S. lachnocalyx shoots (650 g) was extracted with the DCM solvent for 24h (3×2 L). After filtration, the DCM solutions were combined and concentrated to obtain crud extract (36g). The DCM extract was fractionated by open column chromatography (6 × 100 cm) using silica gel (150 g, 70-230 mesh) in a gradient solvent systems of hexane followed by increasing concentration of ethyl acetate and finally washed with MeOH to afford 27 fractions (300 mL each). Thin layer chromatography (TLC) was applied to assess similarity of different fractions. A solution of 1% vanillin in ethanol containing 10% sulfuric acid was used to visualize TLC spots. The CC fractions were pooled due to similarity of TLC patterns into 16 fractions (Fr.1-Fr. 16 ). Cytotoxicity of obtained fractions were evaluated against MOLT-4 cell line by MTT assay. Fr.12 (1.36 g), which exhibited the highest cytotoxicity with an IC 50 value of 4.94 μg/mL was again subjected to chromatography over a flash column (6 × 100 cm) using silica gel (100g, 230-400 mesh) and eluted with a gradient solvent mixture of ethyl acetate-hexane, to give eight major sub-fractions based on the TLC profile (Fr.12A-Fr.12H). Among the subfractions, the Fr.12C (51.7 mg), Fr.12G (232 mg) and Fr.12H (26.4 mg) showed significant cytotoxic activities compared with other fractions (IC 50 , 8.59, 7.06 and 11.16 µg/mL, respectively) and Fr.12G was selected for further separations. The major compounds from Fr.12G were isolated by semi-prep HPLC to afford 1 (54 mg) and 2 (18 mg).
(2Z,6Z,10Z,14E)-Geranylfarnesol (1) Colorless gum. 1 H and 13 
Supplementary data:
The details of plant material (Table S1 ) and 13 C and 1 HNMR spectral data of compound 2 are presented in the online version of the journal.
